INTRODUCTION
Oxygen isotope investigations on oceanic crust material provide evidence for the intense exchange of oxygen between ocean water and the basement. Sea water has percolated the ocean crust and equilibrated its isotopes with silicates. The extent of exchange between the water and the basement is presently not well known. In the upper 600 meters of the basement (i.e., upper one-tenth of the oceanic crust), there is no substantial decrease in the extent of this isotope exchange reaction with depth. Measurements on Leg 37 intrusive rocks, which might be part of Layer 3, have shown that up to 25 per cent of the total oxygen in these rocks is sea-water oxygen.
Previous studies Friedrichsen, 1977, 1978; Hoernes et al., 1978; Clayton, 1972, 1976) proved that there are two major events during the cooling of the crust which are accompanied by an isotope exchange between both phases. The first reaction occurs at magmatic temperatures which yield a decrease of the δ 18 θ-values in the silicates and an increase of the δ 18 O-values of the fluid phase (the water). Many phenocrysts of plagioclase, olivine, and pyroxene (as well as the titanomagnetites) from the groundmass are depleted in their δ 18 O-values as a result of this type of reaction. The temperatures for this reaction have been calculated from Δ 18 O-fractionations between coexisting minerals, and they are in good agreement with the solidus temperatures of the magma. A relationship between these temperatures and the amount of sea water which was present during the crystallization has been derived from O-isotope data by Hoernes and Friedrichsen (1977) and Hoernes et al. (1978) . In general, 0 to 3 weight per cent ocean water was present during the crystallization of the magma, but some intrusive rocks studied from Leg 37 have exchanged isotopes with up to 10 weight per cent water before the magma crystallized.
A second significant reaction between the basalts and the sea water occurs at low temperatures, between 0 and 100°C: clay minerals and zeolites with high δ 18 O-values are formed. Mainly the (glassy) groundmass is affected during this type of reaction. Unaltered phenocrysts and the magnetites have preserved the original magmatic δ 18 O-values. In general, no subsolidus exchange of oxygen has been observed.
Low-temperature reactions of the basalts cause an increase of the δ 18 O-value in the alteration products and a decrease of the δ 18 O-value in the water which equilibrated with the silicates. Isotope balance calculations on the basalts indicate that about 10 per cent of the basalts have reacted with the water at low temperatures, yielding an overall increase of the mean δ-value of 2.2°/oo for all basalts from Legs 37, 45, and 46.
The high-temperature reaction between the basalts obviously happened at the ridge crest. However, it is not well known when the low-temperature alterations occurred. Interpretation of heat flow data by Wolery and Sleep (1976) indicates that the major hydrothermal circulation within the basement also occurs near the ridge zones and ceases after about 10 m.y.
All cored basalts which have been investigated to date are young crustal basalts (0 to 10 m.y.). During Legs 51 through 53, 100-m.y.-old crust was cored. It is the purpose of this study to compare the extent of low-temperature alteration between this old oceanic crust material and the basalts from Legs 37, 45, and 46.
EXPERIMENTAL PROCEDURES
The experimental procedures for mineral separation, preparation of the CO2 from the silicates, and the isotope analysis have been published elsewhere (Hoernes and Friedrichsen, 1977) . Hydrogen was liberated from samples which had been dried at 150°C overnight in vacuum. All oxygen and hydrogen isotope data are reported on the SMOW scale. The analytical reproducibility was ±0.15 °/oo for the δ 18 O-values and ±2 %>o for the D/H ratios. Tables 1  and 2 provide the finding of these investigations for δ 18 θ and whole-rock values, and for δ 18 θ mineral data, respectively.
RESULTS AND DISCUSSION

Low-Temperature Alteration Effects on Oxygen Isotopes
In Figures 1 and 2 (Muehlenbachs and Clayton, 1972; Muehlenbachs, 1977 18 O-value of +257oo on the SMOW scale and that an unaltered basalt has a δ 18 O-value of+5.7 °/oo,then 11.4 per cent of the total basalts have reacted with sea water yielding smectite. More than 5 weight per cent of the oxygen in the basalts is sea-water oxygen. Again, there is no relationship between depth and extent of smectite formation in the basalts which have been recovered from the upper 500 meters of the oceanic crust. High δ 18 O-values (which means high oxygen exchange between the water and the basalts) rial of Leg 37 Friedrichsen, 1977, 1978; Hoernes et al., 1978; Muehlenbachs, 1977) .
The circulation system was probably sealed at a very early stage and the major crust ocean water exchange reactions occur probably near the ridges.
Low-Temperature Alteration Effects on Hydrogen Isotopes
Because the samples were dried at 150°C in a vacuum before treatment, all hydrogen which has been analyzed is OH-bonded hydrogen in minerals. Figures 3 and 4 plot depth versus D/H ratios of whole-rock samples from Holes 417D and 418A, respectively. Both diagrams show a similar pattern. Samples from the upper 300 meters yield more uniform δD-values between -90 and -130 ‰. In samples from greater depths, we observe a wider spread of the data from -170 to -50 7oo. δD-values of -90 to -130 7oo are expected for clay minerals which have been formed in equilibrium with sea water at low temperatures (Suzuoki and Epstein, 1976 -130 to -160 °/oo cannot be explained as a result of a simple reaction. Partial dehydration of a clay mineral at elevated temperatures with a pronounced liberation of deuterium-rich water should result in a depletion of deuterium in the residual OH-minerals. There seems to be no significant correlation between δ 18 θ and δD, as shown in Figure 5 . 
Mineral Data
Plagioclase-phenocrysts and clinopyroxene-phenocrysts as well as (titano-) magnetites from the groundmass have been separated. Figure 6 shows a histogram of all mineral and whole-rock δ 18 O-data. All separated minerals are lower in their 18 O/ 16 O-ratios than the whole rocks because of 18 O-rich clays which are present in nearly all samples. Oxygen isotope fractionations of 2 to 2.7 °/oo between the feldspar and the magnetites have been measured on more than 90 per cent of the samples. One sample yields a higher fractionation of 3.6 °/oo. Equilibrium temperatures of 1150° to 970°C can be calculated for these 18 O fractionations (Bertenrath et al., 1973; Bertenrath and Friedrichsen, in preparation; O'Neil and Taylor, 1967 (Figure 7) . Since, in these samples, the plagioclase differs from the mean δ 18 θ-value of the plagioclases which are in equilibrium, we can conclude that the plagioclases have exchanged the O-isotopes with sea water probably in a subsolidus reaction. However, thin sections of these plagioclases (Figure 8 ) do not show any traces of this reaction (see also Taylor, 1974) .
CONCLUSIONS
Oxygen isotope data of oceanic crust samples of Legs 51 through 53 have shown that nearly all basalts have interacted with sea water. At least 5 weight per cent of sea water oxygen has reacted with the basalts at low temperatures. There is no relationship between the depth of the recovered samples and the amount of sea water which was present during the exchange reaction. Rocks with high δ 18 O-values of +22.5 °/oo have been found at a depth of about 400 meters within the basement. Low-temperature alteration processes are confirmed by the D/H data of the OH-bearing minerals.
The amount of low-temperature alteration (within our statistical error) is equivalent in young oceanic crust from Legs 37, 45, and 46, and in the old crust from Leg 51-53. Circulation of hydrothermal fluids probably only happens near the ridge zones. 
